An experimental study was conducted to enhance regeneration in the spinal cord. Twenty Swiss albino rats were used, of which 8 were controls, and hemicordotomy was performed at mid-thoracic level. In 12 rats a segment of peripheral nerve (sciatic) autograft was taken, minced and implanted in the hemicordotomy site.
Injury to the central nervous system which results in cell and tissue damage is always followed by a degree of degeneration. Regeneration in the central nervous system is known to be significantly limited (Windle, 1981) . However researchers have studied the regeneration process in laboratory animals (Cajal, 1928; Collins 1983; Gerard and Kapponyi, 1926; Kao, 1970; Verra, 1981) .
Gerard and Kapponyi in 1926 studied regeneration of spinal cord in rat fetuses. Subsequently, research to enhance regeneration has increased (French, 1962; Hughes, 1984; Meinecke, 1985; Wilson, 1984) .
It was Cajal, in 1914 and in 1928 , who first suggested that implantation of pieces of peripheral nerve into wounds in the central nervous system, might result in some regeneration activity. Sugar and Gerard in 1940 implanted pieces of peripheral nerves into wounds in the central nervous system of immature animals, and found a definite tendency to regeneration.
More recently this regeneration phenomenon has been further studied by many workers (Aihara, 1970; Kao, 1974; Kao et al., 1970 Kao et al., , 1977a Kao et al., , 1977b . They grafted nervous tissues from the cerebellum, nodose ganglion and sciatic nerve into the transected spinal cord.
Their results indicated that grafted peripheral nerve tissue enhanced the regeneration ability in the spinal cord, more than other types of tissue.
In this study, a sciatic nerve autograft was used in rats, but a different technique from Kao's was applied. In his work, Kao used the sciatic nerve segment (in experiments on dogs) with strict orientation of proximal/distal ends of the transplanted sciatic nerve segments (Kao, 1974) .
The objective in this study was to disregard orientation of the grafted nerve segment, because graft orientation is technically difficult during surgery and to maintain after surgery in spite of the use of plasma gel. The method was to mince the nerve segment and to use the material as a graft. Hence the technique was more simple and reproducible. The results obtained were comparable to those obtained by Kao.
Materials and methods
Twenty adult Swiss albino rats were used in this study. The first group (controls) included 8 rats in which hemicordotomy was done without grafting. In the second group (12 rats), hemicordotomy was performed and sciatic nerve tissue was grafted into the wound.
Anaesthesia was induced by ether and maintained by intraperitoneal injection of Urethane. For the operation the animal was placed in the prone position, and a mid-thoracic skin incision was made. The paraspinal muscles were separated from the vertebrae. With the aid of operating microscope (Ziess OPMI 6), a hemilaminectomy was done on the right side, and the dura matter was exposed and opened. A through and through stab was made at the mid-thoracic level to sever the right half of the cord, using No. 11 surgical blade, and taking care not to extend the stab beyond the midline. Haemostasis was achieved by using gel foam, and diathermy. The mid thoracic level was selected as a high throracic cut caused immediate respiratory arrest and death in two of the rats. After completion of the experiment, the dura was left opened, covered only by a layer of gel foam and the incision was closed by water tight suturing of the muscles and of the skin using 4/0 silk.
In the second group, the sciatic nerve was exposed ipsilaterally after a hemicordotomy was carried out. A segment of the tissue about 5 mm in length was cut and placed on a watch glass under the operating microscope, to be minced by sharp microscissors. The segment was cut in all direction until no real shape of the segment was left. The minced sciatic nerve tissue was grafted into the hemicordotomy wound. Any excess of grafted tissue which bulged above the surface of cord was wiped away with gel foam.
The animals were kept for 4-12 weeks after the operation and were then sacrificed after being anaesthetised with ether. The chest cavity was opened and the heart was exposed and perfused by 0.9% saline followed by i strength of Karnovsky-gluteraldehydeparaformaldehyde fixative (Karnovsky, 1965 ). The spinal cord was then exposed and examined under the dissecting microscope. Segments from the cord at the site of the operation, and also proximal and distal to it were cut and refixed in a fixative containing: Saturated picric acid in 90% alcohol 70% in volume; 40% formaldehyde 25% in volume; and Trichloracetic acid 5% in volume.
The tissue was then dehydrated in absolute alcohol, embedded in paraffin and cut in 10 micron thick sections, which were then stained by a double impregnation silver technique (Fitzgerald, 1964) .
Results
Gross findings: In the control group, the area of hemicordotomy, could be easily recognised by the presence of a trough-like depression and severe wasting of the caudal segment of the spinal cord. The spinal nerves and the spinal cord in this region were very friable and easily fragmented during the handling of the tissue for histological preparation.
In animals in which minced sciatic tissue was grafted into the wound, the healing of the spinal cord was very obvious and no, or minimal, wasting of the caudal segment was noticed. A lump of grafted tissue was seen on the surface in some cases.
Histological findings: In the control group, severe tissue necrosis and loss was seen at the region of cord section and distal to it (Fig. 1) . A wide gap could be noticed with some invasion of connective tissue cells. Proximal to the site of trans section, there were signs of nerve degeneration for some distance, but some nerve sprouts could be noticed as fine fibres with terminal growing clubs. In general, the damage inflicted by hemicordotomy was much greater than expected, and there was no real healing, since the gap was very wide and the loss of tissue great.
In the grafted group the continuity of the proximal and distal segments of the severed spinal cord was restored with successful healing of the wound and minimal loss of tissue (Fig. 2) . The distal segment appeared intact and was almost of normal diameter. The nerve fibres in this segment showed signs of degeneration and loss. Similar changes were also seen in the proximal segment for a short distance. The grafted sciatic tissue was recognised easily by its stronger metachromatic property, but its bounderies were not easily definable. Cells and fibres were extending to (or from) the grafted tissue, from the spinal cord tissue (Fig. 3) . Regenerating nerve fibres could be recognised in this group as scattered fibres traversing the graft from the proximal segment toward the distal segment (Fig.  4) . These growing fibres were usually of fine calibre with terminal clubbing and were closely associated with supporting neuroglial cells, characterised by stronger staining ability and probably from grafted tissue.
Discussion
A spinal cord wound produced by transection does not regenerate (Kao, 1974) . This statement is known to be true in human beings sustaining a spinal cord injury, and also in laboratory animals. Studies of the regeneration process in human casualties would be impossible. The exact knowledge whether these were definite cuts, or were from other forms of tissue damage in the cord and its extent would be impossible to appreciate, even at the time of the surgical exposure. We can only study the process in experimental animals. Windle in 1981, stated that answers to paraplegic research would not be found in hospital wards, but in the laboratories of the basic sciences.
In this study the results of spinal cord transection, in the control group showed that the continuity of the spinal cord was lost and no actual healing has occurred. These are in agreement with the studies of other workers (Guth and Windle 1970) . The tissue damage at the site of transection was greater than what had been expected. This resulted from cystic formation and collection of fluid and leaking organaJles from the damaged axon due to continuous axoplasmic flow. This flow continues for some time and, in later stages, terminal clubs were formed at the cut ends of these axons, resulting in the formation of micro cysts, which in turn rupture releasing organeles into the extracellular space, and autolysis of the spinal tissue took place because of the release of lyosomal enzymes. (Kao et al., 1977b; Martinez and Friede, 1970) . The gap created will jeopardise any attempt of nerve regeneration from proximal to distal segments.
Comparing these degenerative changes with the results obtained from experi ments in which minced sciatic tissues were grafted into the wound showed the marked advantages of the latter procedure: the healing process in the spinal cord was complete, as structural continuity was restored and the distal segment was morphologically preserved. The grafted tissue, survived and seemed to be interacting with the surrounding cord tissue, halting the degenerative changes which might lead to cyst gap formation. Restoration of structural continuity made the growth of regenerating nerve fibres in the spinal cord possible. This growth seemed to be enhanced by neurilemmal cells from the grafted tissue (Schwann cells). These cells appeared in sections closely associated with the regenerating fibres, and escorting these fibres through the empty spaces or through the graft tissue. Cells of the graft tissue may have another favourable function, by clearing the debries from tissue damage in the spinal cord transec tion (Richardson et al., 1980) . Another important, possible role for the Schwann cells, is that they act as a trophic agent for the growing cones of the nerves. This was suggested by other workers (Liu, 1973) . The possibility of the presence of some other unknown neurotropic factor in peripheral nerve tissues that may attract central nervous system neurites cannot be ruled out.
All these functions of the Schwann cells from the peripheral nerve graft seem to facilitate axonal growth and enhance regeneration (Liu, 1973) .
The use of minced graft tissue in these experiments indicates that the orientation of sciatic nerve segment during grafting procedure (Kao, 1974) is not necessary, and probably that minced tissue is more beneficial because of the easy expansion of graft tissue to fill the space and of less likelihood of graft piece dislodgement.
In conclusion, two major advantages were achieved: first was halting of the degenerative process of the distal segment, and second the initiation of the regeneration of fibres across the transected segment of the spinal cord.
